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METHOD AND APPARATUS FOR 
CONTROLLABLY REDUCING POWER 
DELIVERED BY A LASER PROJECTION 

DISPLAY 

This Application claims the bene?t of Provisional Appli 
cation No. 60/534,008, ?led Dec. 31, 2003. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to electronic displays, 

and, more particularly, to a laser projection display that 
detects changes to the viewing surface and reduces poWer 
delivered by the laser. 

2. Description of the Related Art 
In a laser projection device, one or more lasers are 

typically arranged to project a display onto a screen or other 
?at vieWing surface. In order to produce a display having 
su?icient brightness for vieWing in common ambient light 
ing conditions, the lasers must be capable of providing at 
least a preselected minimum level of poWer. In some appli 
cations, hoWever, the space betWeen the vieWing surface and 
the lasers may be relatively open, and thus, objects or people 
may pass therebetWeen, exposing the objects and/or people 
to laser light. In such circumstances, FDA regulations (such 
as CDRH and/or IEC) apply, limiting the amount of poWer 
that a laser may deliver. The limited poWer levels are, 
hoWever, generally insu?icient to produce an adequately 
bright display. 

The present invention is directed to overcoming, or at 
least reducing, the effects of one or more of the problems set 
forth above. 

SUMMARY OF THE INVENTION 

In one aspect of the instant invention, a method is 
provided for controlling a laser. The method comprises 
projecting laser light onto a vieWing surface and monitoring 
laser light re?ected from the vieWing surface. The poWer 
delivered by the laser is controlled based on the re?ected 
laser light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which like reference numerals identify 
like elements, and in Which: 

FIG. 1 is a stylistic block diagram of a top level vieW of 
one embodiment of the present invention; 

FIG. 2 is a stylistic vieW of a vieWing surface shoWn in 
FIG. 1; 

FIGS. 3A and 3B depict a top vieW of a scanning device 
at various times during its operation; 

FIG. 4 depicts one embodiment of a ?oW chart of a control 
program that may executed by a controller shoWn in FIG. 1; 
and 

FIG. 5 depicts one embodiment of a ?oW chart of a 
calibration routine that may executed by a controller shoWn 
in FIG. 1. 

While the invention is susceptible to various modi?ca 
tions and alternative forms, speci?c embodiments thereof 
have been shoWn by Way of example in the draWings and are 
herein described in detail. It should be understood, hoWever, 
that the description herein of speci?c embodiments is not 
intended to limit the invention to the particular forms 
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2 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Illustrative embodiments of the invention are described 
beloW. In the interest of clarity, not all features of an actual 
implementation are described in this speci?cation. It Will of 
course be appreciated that in the development of any such 
actual embodiment, numerous implementation-speci?c 
decisions must be made to achieve the developers’ speci?c 
goals, such as compliance With system-related and business 
related constraints, Which Will vary from one implementa 
tion to another. Moreover, it Will be appreciated that such a 
development effort might be complex and time-consuming, 
but Would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the bene?t of this disclosure. 
The folloWing co-pending applications are hereby incor 

porated by reference herein in their entirety: Method and 
Apparatus for Aligning a Plurality of Lasers in an Electronic 
Display Device, by Mik Stern et. al.; Method and Apparatus 
for Displaying Information in Automotive Applications 
Using a Laser Projection Display, by Narayan Nambudiri et. 
al.; Method and Apparatus for Providing an Interface 
BetWeen a Liquid Crystal Display Controller and a Laser 
Projection Display, by Narayan Nambudiri et. al.; A Color 
Laser Projection Display by Paul Dvorkis et. al.; Method 
and Apparatus for Capturing Images Using A Color Laser 
Projection Display, by Chinh Tan et. al.; Method and Appa 
ratus for Conserving PoWer in a Laser Projection Display, 
By Fred Wood et. al.; A Laser Projection Display, by Ron 
Goldman et. al.; Method and Apparatus for Controllably 
Compensating for Distortions in a Laser Projection Display, 
by Carl Wittenberg et. al.; and Method and Apparatus for 
Controllably Modulating a Laser in a Laser Projection 
Display, by Dmitriy Yavid et. al. 

Turning noW to the draWings, and speci?cally referring to 
FIG. 1, a stylistic block diagram of a laser projection display 
(LPD) 100, in accordance With one embodiment of the 
present invention, is shoWn. In the illustrated embodiment, 
the LPD 100 includes three lasers 102, 104, 106, each 
capable of emitting a beam oflight 108, 110, 112 consisting 
of a unique color, such as red, green or blue. Those skilled 
in the art Will appreciate that the number of lasers and the 
color of light emitted therefrom may be varied Without 
departing from the spirit and scope of the instant invention. 

In one embodiment of the instant invention, the lasers 
102, 104, 106 may be arranged in a common plane 114 With 
the beams of light 108, 110, 112 being angularly directed 
relative to one another to fall on a substantially common 
location 116 on a ?rst scanning device, such as a ?rst 
scanning mirror 118, from Where they are re?ected as beams 
of light 120, 122, 124. In other embodiments of the instant 
invention, the lasers 102, 104, 106 need not be arranged in 
a common plane, but rather may be angularly disposed in at 
least tWo dimensions With respect to the axis of rotation of 
the ?rst scanning mirror 118. Deviations from the plane 114 
may be compensated for by controlling the timing of the 
lasers 102, 104, 106, as discussed beloW. 

In the illustrated embodiment, the ?rst scanning mirror 
118 oscillates on an axis 120 at a relatively high rate (e.g., 
about 20430 KHZ). Rotation or oscillation of the ?rst 
scanning mirror 118 causes the beams oflight 108, 110, 112 
to be moved. That is, as the angular position of the ?rst 
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scanning mirror 118 alters, so to does the angle of re?ection 
of the beams of light 120, 122, 124 from the ?rst scanning 
mirror 118. Thus, as the mirror oscillates the re?ected beams 
of light 120, 122, 124 are scanned to produce movement of 
the beams of light 120, 122, 124 along one component of the 
tWo-dimensional display. 

The second component of the tWo-dimensional display is 
produced by a second scanning device, such as a mirror 126. 
In the illustrated embodiment, the second mirror 126 is 
coupled to a motor 128 at a pivot point 130 so as to produce 
rotational or oscillating movement about an axis that is 
substantially orthogonal to the axis of rotation of the ?rst 
mirror 118. The beams oflight120, 122, 124 are re?ected olf 
ofthe second mirror 126 as beams of light 132, 134, 136 and 
directed to a vieWing surface 138. The vieWing surface 138 
may take on any of a variety of forms Without departing 
from the spirit and scope of the instant invention. For 
example, the vieWing surface 138 may be a ?xed screen that 
may be front or back lit by the lasers 102, 104, 106 and may 
be contained in a housing (not shoWn) that is common With 
the LPD 100, or alternatively, the vieWing surface 138 may 
take the form of any convenient, generally ?at surface, such 
as a Wall or screen, spaced from the LPD 100. 

The second mirror 126 oscillates or rotates at a relatively 
sloW rate, as compared to the rate of the ?rst mirror 118 (e.g., 
about 60 hz). Thus, it Will be appreciated that, as shoWn in 
FIG. 2, the beams of light 132, 134, 136 generally folloW a 
path 140 on the display surface 138. Those skilled in the art 
Will appreciate that the path 140 is similar in shape and 
concept to a raster scan commonly employed in cathode ray 
tube televisions and computer monitors. 

While the instant invention is described herein in the 
context of an embodiment that employs separate ?rst and 
second scanning mirrors 118, 126, those skilled in the art 
Will appreciate that a similar path 140 may be produced by 
using a single mirror. The single mirror Would be capable of 
being moved about tWo axis of rotation to provide the fast 
and sloW oscillating movements along tWo orthogonal axes. 
As is apparent from FIG. 1, oWing to the angular posi 

tioning of the lasers 102, 104, 106, even though the lasers 
102, 104, 106 have been arranged mechanically and opti 
cally to deliver the beams of light 108, 110, 112 Within the 
same plane 114 and at the same point (on the rotational axis 
120) on the mirror 118), each has a different angle of 
re?ection, Which causes the beams of light 120, 122, 124 to 
diverge. A controller 142 is provided to controllably ener 
gize the lasers 102, 104, 106 to effectively cause the beams 
of light 120, 122, 124 to be collinear, such that they may be 
re?ected off of the second mirror 126 and delivered to the 
same point on the vieWing surface 138 relatively indepen 
dent of the distance of the vieWing surface 138 from the 
second mirror 126. 

Turning noW to FIGS. 3A and 3B, the operation of the 
controller 142 to cause the beams of light 120, 122, 124 to 
be collinear is discussed. To simplify the discussion, only 
tWo lasers 102, 104 are illustrated in FIG. 3, but those skilled 
in the art Will appreciate that the concepts discussed herein 
may be extended to three or more lasers Without departing 
from the spirit and scope of the instant invention. As shoWn 
in FIG. 3A, if the lasers 102, 104 are energized simulta 
neously, the re?ected beams of light 120, 122 diverge. 
HoWever, as shoWn in FIG. 3B, if the lasers 102, 104 are 
energized at slightly different times, then the beams of light 
120, 122 can be made to folloW a single, common path (i.e., 
the beams of light 120, 122 are collinear). For example, if 
the laser 102 is energized at a ?rst time t1, then the mirror 
118 Will be at a ?rst position, as represented by the solid 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
lines, and the beam of light 108 Will re?ect off of the mirror 
118 as the beam of light 120. Subsequently, if the laser 104 
is energized at a second time t2, then the mirror 118 Will be 
at a second position, as represented by the dashed lines, and 
the beam of light 110 Will re?ect off of the mirror 118 as the 
beam of light 122. By precisely controlling the time t2, the 
mirror 118 Will be in a position to accurately re?ect the beam 
of light 122 along substantially the same path as the beam of 
light 120. 

Thus, through the operation of the controller 142, the 
beams of light 120, 122 are substantially collinear, but are 
slightly displaced in time. That is, the beams of light 120, 
122 Will noW both be projected onto substantially the same 
point on the display surface 138, but at slightly different 
times. HoWever, oWing to the persistence of the human eye, 
the variation in timing is not detectable. That is, in the case 
of the three laser system described in FIG. 1, each of the 
lasers 102, 104, 106 Will controllably deliver laser light of a 
unique color and intensity to substantially the same point on 
the vieWing surface 138 Within a relatively short WindoW of 
time. The human eye Will not detect the three separate 
colors, but rather Will perceive a blending of the three light 
beams such that a consistent and desired hue appears at that 
point on the vieWing surface. Those skilled in the art Will 
appreciate that this process may be repeated numerous times 
along the path 140 to recreate a picture on the vieWing 
surface 138. 
A similar concept may be used to compensate for devia 

tions arising in an alternative embodiment in Which the 
lasers 102, 104, 106 are not located in the same plane 114. 
In this embodiment, the laser light produced by each of the 
lasers that ultimately reaches the viewing surface may be 
displaced vertically relative to one another. The controller 
142 may compensate for this vertical displacement by 
energizing the offset laser on a prior or subsequent horizon 
tal scan across the vieWing surface, depending upon Whether 
the vertical displacement is upWard or doWnWard. For 
example, assume that a second beam of light is displaced 
vertically above a ?rst beam of light. Thus, on a ?rst 
horizontal scan across the vieWing surface, the laser asso 
ciated With the second beam of light is energized. On a 
subsequent horizontal scan across the vieWing surface, 
Which is vertically loWer than the previous horizontal scan, 
the laser associated With the ?rst beam of light is energized 
so that both beams of light arrive at the same vertical 
location on the vieWing screen, but slightly displaced in 
time. 

Returning to FIG. 1, a photodetector 144 is arranged to 
receive laser light re?ected from the vieWing surface 138. 
The photodetector 144 may take any of a variety of forms, 
including a single photosensitive element or a plurality of 
photosensitive elements arranged in a grid. In some embodi 
ments, it may be useful to include a mechanical/optical 
system 146 to focus the re?ected laser light onto the pho 
todetector 144. 
The photodetector 144 is coupled to the controller 142 via 

a line 148. Signals indicative of the magnitude of the 
re?ected laser light detected by the photodetector 144 may 
be communicated to the controller 142 over the line 148. In 
some instances, such as When the photodetector 144 is 
composed of a grid or an array of photosensitive elements, 
it may be useful to also convey information regarding the 
location of the re?ected laser light. As discussed in more 
detail in conjunction With FIG. 4, the controller 142 may use 
the information regarding the magnitude of the re?ected 
laser light to generally determine if conditions Within the 
transmission path of the lasers have changed, such as by 
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being interrupted by a person or object, or the vieWing 
surface being altered. If such an event is detected, the 
operation of the lasers may be modi?ed by, for example, 
substantially reducing the poWer delivered therefrom or by 
shutting them off. 

Turning noW to FIG. 4, one embodiment of a control 
routine 400 that may be used in the controller 142 is 
illustrated. The routine begins at block 401 With the con 
troller 142 using signals received from the photdetector 144 
to determine the actual magnitude of the re?ected laser light. 
In block 402, the controller determines the anticipated 
magnitude of the re?ected laser light. That is, the controller 
142 “knows” the amount of poWer that it has requested the 
lasers to deliver to the vieWing surface. Thus, based on an 
algorithm, look-up table, or the like, the controller may 
arrive at a magnitude of the re?ected laser light that it 
expects to be received by the photodetector 144. The con 
troller 142 can use the anticipated magnitude to determine if 
a variation has occurred Within the optical transmission path 
of the lasers. If the magnitude of the actual re?ected laser 
light substantially coincides With the expected re?ected laser 
light, then operation continues Without modi?cation. On the 
other hand, if the actual re?ected laser light varies substan 
tially from the anticipated re?ected laser light, as determined 
at block 403, then the controller 142 may be instructed to 
control the poWer of the lasers (at block 404), such as by 
reducing the amount of poWer delivered therefrom. If the 
laser light is interrupted by a person or object, the amount of 
laser light re?ected back to the photodetector 144 may vary 
substantially. In some instances, the actual laser light 
re?ected back to the photodetector 144 may be substantially 
reduced; hoWever, in other circumstances, the actual laser 
light re?ected back to the photodetector 144 may be sub 
stantially increased. In either case, the controller 142 may 
elect to reduce poWer from the lasers, or in some instances 
to shut them off. 
Any of a variety of actions may be taken by the controller 

142 in response to detecting a substantial variation in the 
actual re?ected laser light. For example, the controller 142 
may elect to reduce or even eliminate poWer for all three 
lasers over the entire vieWing surface. Alternatively, the 
controller 142 may be programmed to reduce or eliminate 
poWer in only those regions Where a variation in re?ectivity 
is detected. Further, the controller 142 may be programmed 
to reduce or eliminate poWer in those regions Where a 
variation in re?ectivity is detected plus an additional buffer 
area surrounding those area Where the variation in re?ec 
tivity is detected. 

In some embodiments, it may be useful to continue to 
supply at least some poWer to the lasers so that they may be 
used to display an error message. The error message may 
include information on hoW to reset or restore normal 

operation to the LPD. For example, a message such as, 
“Please aim your display at a uniform background for proper 
operation,” may be displayed. 

For the controller 142 to determine the anticipated mag 
nitude of the re?ected laser light (as discussed above With 
respect to block 402 of FIG. 5), it may be useful to perform 
a calibration process When the LPD is ?rst turned on. One 
embodiment of a calibration process 500 that may be 
performed by the controller 142 is set forth in the ?oW chart 
of FIG. 5. The calibration process begins at block 501, With 
the controller 142 turning the lasers on for a short period of 
time, such as a period of time su?icient to scan at least a 
substantial portion of the vieWing surface 138 at least one 
time. This ?rst calibration scan may be accomplished With 
the lasers operating at relatively loW poWer. The controller 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
142 receives feedback signals from the photodetector 144, 
indicating at least tWo types of useful information. First, the 
controller 142 can determine if the LPD is directed to a 
relatively uniform vieWing surface by monitoring the signals 
delivered by the photodetector 144 for any substantial 
variations (at block 502). If substantial variations are 
detected, the controller 142 may discontinue the calibration 
process (at block 503) and display a message, such as, 
“Please aim your display at a uniform background for proper 
operation.” 
On the other hand, if the variations are su?iciently small, 

then the calibration process may be alloWed to continue. At 
block 504, the controller 142 may derive information 
regarding the expected magnitude of the re?ected laser light 
at other poWer levels based on the detected magnitude of the 
re?ected laser light in the ?rst calibration pass. For example, 
the controller may derive a formula that correlates the 
magnitude of the transmitted poWer level With the magni 
tude of the re?ected laser light. The relationship may vary 
from a simple mathematical approximation based on an 
average ratio of the total laser light to a more complex 
algorithm that attempts to account for variations in re?ec 
tivity for each color of laser light. Alternatively, a more 
empirical approach may be had by performing additional 
scans at varying poWer levels. These additional scans may 
be recorded in a series of look-up tables that the controller 
142 may later access to estimate the expected magnitude of 
the re?ected laser light. The controller 142 may access the 
table that most closely matches the current operating con 
ditions of the lasers, or the controller 142 may include 
algorithms for interpolating betWeen the tables. 

Unless speci?cally stated otherwise, or as is apparent 
from the discussion, terms such as “processing” or “com 
puting” or “calculating” or “determining” or “displaying” or 
the like, refer to the action and processes of a computer 
system, or similar electronic computing device, that manipu 
lates and transforms data represented as physical, electronic 
quantities Within the computer system’s registers and memo 
ries into other data similarly represented as physical quan 
tities Within the computer system’s memories or registers or 
other such information storage, transmission or display 
devices. 

Those skilled in the art Will appreciate that the various 
system layers, routines, or modules illustrated in the various 
embodiments herein may be executable control units. The 
control units may include a microprocessor, a microcontrol 
ler, a digital signal processor, a processor card (including 
one or more microprocessors or controllers), or other control 
or computing devices. The storage devices referred to in this 
discussion may include one or more machine-readable stor 

age media for storing data and instructions. The storage 
media may include different forms of memory including 
semiconductor memory devices such as dynamic or static 
random access memories (DRAMs or SRAMs), erasable 
and programmable read-only memories (EPROMs), electri 
cally erasable and programmable read-only memories (EE 
PROMs) and ?ash memories; magnetic disks such as ?xed, 
?oppy, removable disks; other magnetic media including 
tape; and optical media such as compact disks (CDs) or 
digital video disks (DVDs). Instructions that make up the 
various softWare layers, routines, or modules in the various 
systems may be stored in respective storage devices. The 
instructions When executed by the control units cause the 
corresponding system to perform programmed acts. 
The particular embodiments disclosed above are illustra 

tive only, as the invention may be modi?ed and practiced in 
different but equivalent manners apparent to those skilled in 
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the art having the bene?t of the teachings herein. Further 
more, no limitations are intended to the details of construc 
tion or design herein shown, other than as described in the 
claims beloW. Consequently, the method, system and por 
tions thereof and of the described method and system may 
be implemented in different locations, such as the Wireless 
unit, the base station, a base station controller and/or mobile 
sWitching center. Moreover, processing circuitry required to 
implement and use the described system may be imple 
mented in application speci?c integrated circuits, softWare 
driven processing circuitry, ?rmware, programmable logic 
devices, hardWare, discrete components or arrangements of 
the above components as Would be understood by one of 
ordinary skill in the art With the bene?t of this disclosure. It 
is therefore evident that the particular embodiments dis 
closed above may be altered or modi?ed and all such 
variations are considered Within the scope and spirit of the 
invention. Accordingly, the protection sought herein is as set 
forth in the claims beloW. 
We claim: 
1. An arrangement for controlling poWer during projec 

tion of an image on a projection surface, comprising: 
a) an energiZable laser source for energiZing a laser beam; 
b) a controller for energiZing the laser source to emit the 

laser beam at a reference poWer level during a calibra 
tion mode, and at a display poWer level during a display 
mode; 

c) an image projector for sWeeping the laser beam along 
mutually orthogonal directions across the projection 
surface at the reference poWer level to scan the pro 
jection surface during the calibration mode, and at the 
display poWer level to project the image on the pro 
jection surface during the display mode; 

d) a detector for detecting a reference detected level of 
light re?ected from the projection surface during the 
calibration mode, and for detecting an actual detected 
level of light re?ected from the projection surface 
during the display mode; and 

e) the controller being operative for controlling the ener 
giZing of the laser source When the detected levels of 
the light re?ected from the projection surface are 
different. 

2. The arrangement of claim 1, Wherein the laser source 
is a laser, and Wherein the image projector includes a ?rst 
oscillatable scan mirror for sWeeping the laser beam from 
the laser as a scan line extending along one of the directions, 
and a second oscillatable scan mirror for sWeeping the scan 
line along the other of the directions to generate a raster 
pattern of scan lines. 

3. The arrangement of claim 1, Wherein the laser source 
includes a plurality of lasers for respectively emitting con 
stituent beams that are combined to form the laser beam, and 
Wherein the image projector includes a ?rst oscillatable scan 
mirror for sWeeping the laser beam as a scan line extending 
along one of the directions, and a second oscillatable scan 
mirror for sWeeping the scan line along the other of the 
directions to generate a raster pattern of scan lines. 

4. The arrangement of claim 3, Wherein the controller is 
operative for at least partially deenergiZing at least one of the 
lasers When the detected levels are different. 

5. The arrangement of claim 1, Wherein the controller is 
operative for at least partially deenergiZing the laser source 
When the detected levels are different. 
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8 
6. The arrangement of claim 1, Wherein the controller is 

operative for fully deenergiZing the laser source When the 
detected levels are different. 

7. The arrangement of claim 1, Wherein the image pro 
jector is operative for projecting an error message as the 
image When the detected levels are different. 

8. The arrangement of claim 1, Wherein the controller is 
operative for energiZing the laser source during the calibra 
tion mode at different reference poWer levels. 

9. A method of controlling poWer during projection of an 
image on a projection surface, comprising the steps of: 

a) energiZing a laser beam from an energiZable laser 
source; 

b) energiZing the laser source to emit the laser beam at a 
reference poWer level during a calibration mode, and at 
a display poWer level during a display mode; 

c) sWeeping the laser beam along mutually orthogonal 
directions across the projection surface at the reference 
poWer level to scan the projection surface during the 
calibration mode, and at the display poWer level to 
project the image on the projection surface during the 
display mode; 

d) detecting a reference detected level of light re?ected 
from the projection surface during the calibration 
mode, and detecting an actual detected level of light 
re?ected from the projection surface during the display 
mode; and 

e) controlling the energiZing of the laser source When the 
detected levels of the light re?ected from the projection 
surface are different. 

10. The method of claim 9, Wherein the laser source is a 
laser, and Wherein the sWeeping is performed by oscillating 
a ?rst scan mirror for sWeeping the laser beam from the laser 
as a scan line extending along one of the directions, and by 
oscillating a second scan mirror for sWeeping the scan line 
along the other of the directions to generate a raster pattern 
of scan lines. 

11. The method of claim 9, Wherein the laser source 
includes a plurality of lasers for respectively emitting con 
stituent beams that are combined to form the laser beam, and 
Wherein the sWeeping is performed by oscillating a ?rst scan 
mirror for sWeeping the laser beam as a scan line extending 
along one of the directions, and by ocsillating a second scan 
mirror for sWeeping the scan line along the other of the 
directions to generate a raster pattern of scan lines. 

12. The method of claim 11, Wherein the controlling step 
is performed by at least partially deenergiZing at least one of 
the lasers When the detected levels are different. 

13. The method of claim 9, Wherein the controlling step 
is performed by at least partially deenergiZing the laser 
source When the detected levels are different. 

14. The method of claim 9, Wherein the controlling step 
is performed by fully deenergiZing the laser source When the 
detected levels are different. 

15. The method of claim 9, Wherein the sWeeping step is 
performed by projecting an error message as the image When 
the detected levels are different. 

16. The method of claim 9, Wherein the energiZing step is 
performed by energiZing the laser source during the calibra 
tion mode at different reference poWer levels. 


